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Recently it has been shown that the observed antiproton 
yield in heavy-ion collisions at CERN-SpS energies can be 
understood by multi-pionic interactions like nnnnn ^^ pp 
which enforce local chemical equilibrium of the antiprotons 
with the nucleons and pions. Here we show that antihyper- 
ons are driven towards local chemical equilibrium with pi- 
ons, nucleons and kaons on a timescale of less than 3 fm/c 
when applying a similar argument for the antihyperons by 
considering the inverse channel of annihilation reactions like 
y -|- p <-> niTT -|- n2K. These multi-mesonic reactions easily 
explain the antihyperon yields at CERN-SpS energies as ad- 
vertised in pure thermal, hadronic models without the need 
of a quark gluon plasma phase. In addition, the argument 
also applies for AGS energies. 

PACS numbers: 25.75.-q, 12.38.Mh 



The prime focus for present and future ultrarelativis- 
tic heavy ion collisions is to study the collective behavior 
of nuclear or hadronic matter at extreme conditions like 
very high temperatures and energy densities. A partic- 
ular goal lies in the identification of a new state of mat- 
ter formed in central collisions, the quark gluon plasma 
(QGP), where quarks and gluons are deliberated from the 
nucleons and move freely over an extended, macroscopi- 
cally large space-time region. Indeed, a couple of crucial 
observations obtained by the various experimental groups 
within the Lead Beam Programme at the CERN-SpS are 
thought to be not well described by hadronic models but 
indicate strong 'circumstantial evidence' for the forma- 
tion of the QGP §. 

As one of the major diagnostic probes for the short- 
time existence of a QGP, measurements of strange and 
anti-strange particles at CERN-SpS by the WA97 Collab- 
oration B and the NA49 Collaboration have received 
much attention H. (Anti-) strangeness enhancement rel- 
ative to pp-data has been predicted already a long time 
ago as a QGP signal: Especially the antihyperons as well 
as the multi-strange baryons were advocated as the ap- 
propriate candidates pi . It was argued that it would take 
too much time compared to the estimated overall colli- 
sion time for these special strange particles to come close 
to their chemical equilibrium values within a thermalized 
fireball environment of hadronic particles. For example 
the strange antibaryons arc thought to be produced ei- 
ther by - highly threshold suppressed - binary strangeness 
production reactions like e.g. 



TT + A^K + E 



(1) 



or, successively, by further binary strangeness exchange 
reactions with the (to be produced) kaons like e.g. 



K 



P 



■A,S] 



(2) 



K + A 



with rather low cross sections. Antihyperons should in- 
deed be very rare and exotic probes. On the other hand, 
assuming the existence of a temporarily present phase of 
QGP, the rather light strange quarks, following simple 
kinetic arguments, can be produced much more abun- 
dantly by gluon fusion. Together with the light quarks 
and anti-quarks, the strange quarks can now easily be 
redistributed into the to be produced hadrons. By a sim- 
ple coalescence estimate for the hadronization the QGP 
can account for the antihyperons to come close to their 
chemical equilibrium values immediately at the onset of 
the hadronic phase [||. 

Experimentally, and most strikingly, on the other 
hand, the relative enhancement to pp-coUisions is found 
to increase with the strange quark content of the pro- 
duced hadrons |g,^. This fact is in strong conflict with 
a hadronic rescattering scenario if the needed secondary 
production of additional antihyperons (or multi-strange 
baryons) would have be due to the above binary hadronic 
reactions. In addition, on the theoretical side, thermal 
models have become very popular to explain the nu- 
merous ratios of produced hadronic particles within sim- 
ple thermodynamical terms, i.e. by only specifying the 
temperature T and the appropriate chemical potentials 
fiB and fis for the baryonic particles and the strange 
hadronic particles &-Ul|. The success of this rather 
simple analyses strongly signals the existence of an al- 
most completely thermally as well as chemically equili- 
brated hadronic system where the particles chemically 
freeze out. (The thermodynamical properties found by 
the various groups can phenomenologically easily be ex- 
plained in fact by a rapidly hadronizing and disintegrat- 
ing QGP phase |l^,n3].) Chemical equilibration is found 
to be true also for the strange particles and especially also 
for the antihyperons and multi-strange baryons. Some- 
times, though, a so called strangeness suppression factor 
'7s' for each unit of strangeness contained in a specific 
hadronic particle is introduced to slightly better account 



for a common overall fitting to the ratios ||7|,p|,pi)| ; this 
factor typically varies around 7s w 0.7 — 0.9 and is thus 
close to unity. 

Although the arguments at hand seem rather plausi- 
ble, it has been shown by means of sophisticated hadronic 
transport algorithm like RQMD ^ or HSD @ that 
at least the major amount of produced strange parti- 
cles, kaons, antikaons and Lambdas can be understood 
in terms of still energetic and non-equilibrium secondary 
and ternary interactions among nucleons and already 
produced mesons. This is especially true at SpS-energies 
]l4[ , whereas at lower AGS-energies some smaller defi- 
ciency still persists. Only for a system close to thermal 
equilibrium, as was assumed in the early calculations [|| , 
the strangeness production rates are substantially sup- 
pressed due to the high thresholds when considering such 
oversimplified initial conditions ||l^ . The conclusion that 
a QGP is needed to explain the overall strangeness pro- 
duction seems to be considerably weakened and thus pre- 
mature if it is not to explain for the enhanced production 
of the rare antihyperons and multistrange baryons! A few 
phenomenological attempts to explain the more abun- 
dant production within a hadronic transport description 
do exist like the color rope formation by Sorge et al iQ or 
the high-dense cluster formation of Werner and Aichelin 
within the VENUS code (l7|. The underlying mecha- 
nisms, however, have to be be considered as exotic (like 
also the ad hoc dynamical formation of the QGP). In 
addition, the agreement with data is quantitatively not 
completely satisfying ||lq| . 

In the following we present and elaborate on a con- 
vincing argument that not binary hadronic reactions, as 
considered above, but in fact multi-pionic and kaonic in- 
teractions in a thermalized hadronic gas lead to a very 
fast chemical equilibration of the antihyperon degrees of 
freedom. Our argument will be based on two rather mod- 
erate assumptions: (I) The thermally averaged annihila- 
tion cross section for antihyperons colliding with a nu- 
cleon, i.e. Y + N, is roughly as large as the measured 
one for p + p or p + n. (II) At the onset for the equi- 
libration of the antihyperons we assume a hadronic fire- 
ball (with thermodynamic parameters as obtained e.g. in 
||6|-|ll|), where the pions together with the nucleons and 
the kaons are assumed to be nearly in chemical equi- 
librium. As discussed above, the abundant and early 
production of kaons and antikaons can reasonably be ac- 
counted for by sophisticated hadronic transport models 
without the need for a QGP. 

Indeed the idea was triggered by a recent work of Rapp 
and Shuryak who described the maintenance of nearly 
perfect chemical equilibrium of antiprotons together with 
pions and nucleons during the late stage of the expanding 
hadronic fireball until thermal freezeout at rather low 
temperatures of T s:! 120 MeV ^. They argued that 
the balance between the inverse multi-pionic channel of 
the reaction 



where n Ri 5 — 7 denotes the typical number of pions, 
together with the strong annihilation rate (Fp)^^ — Tp fa 
3 fm/c leads to an effective chemical potential for the 
antiprotons 



Mp 



-fip + n^^ = -fiB + n^TT 



(4) 



which can account for the antiproton yield also with pa- 
rameters at thermal freeze-out. The pions are assumed 
here to acquire a nonvanishing chemical potential /i^r ^ 
as the inelastic annihilation of pions cannot be sustained 
at lower temperatures pl| . In any case this is a remark- 
able observation as it clearly demonstrates for special ob- 
servables - like the considered abundance of antiprotons 
- the importance of kinetic multi-particle channels. It is 
rather well-known that the overall p yield can be hardly 
described within standard transport approaches due to 
the large annihilation cross section without invoking new 
ad hoc assumptions or scenarios ||2Q|] . This circumstance 
is then exactly due to the violation of detailed balance 
when not considering the multi-particle 'back-reaction' 
as the most dominant source of production. Naively one 
might argue that the probability of 5 -- 7 pions to come 
close in space is very low and therefore irrelevant. This 
however is misleading. In fact concerning e.g. possible 
changes in the total pion number the reaction (W might 
be neglected. For ps (and for anti-strange baryons), how- 
ever, the situation is different since their abundance is 
very low. Therefore also less likely reactions may become 
important. 




FIG. 1. Schematic picture for ^ + N 
text for details. 



3tv + 2K. See main 



Let us consider the analogous annihilation reactions 
involving one antihyperon 



A + N ^ n]yTr + K 

n + N ^ 71^^71 + 3K 
or, in shorthand notation, 

Y + N ^ mr + nyK 



(5) 



(6) 



■TV 



(3) 



where ny counts the number of anti-strange quarks 
within the antihyperon Y, and, in direct analogy to re- 
action (0), n + ny is expected to be around ss 5 — 7. 



A typical annihilation reaction is schematically depicted 
in Fig. hi. The reactions (|g) are exothermic as the re- 
action (^. As an educated guess it is plausible to as- 
sume that the annihilation cross sections are approxi- 
mately the same as for Np for the same relative mo- 
menta. In the relevant regime of a thermal hadronic 
gas with temperatures of T « 150 — 200 MeV one has 
OpY^mr-i^vK ~ ^pp^n-K ~ 50 mb in the relevant energy 
regime ]l9,p2l . (Of course, though, the annihilation cross 
section of equally charged particles like e.g. S+ -I- p will 
be Coulomb suppressed at very low relative momenta, 
but this is not of much importance for the thermally av- 
eraged cross section.) At the onset of thermalization and 
chemical equilibration for all other degrees of freedom 
in the hadronic fireball the baryon density is still rather 
large and might exceed two times normal nuclear matter 
density. For the following estimate we use pB ~ 2/3o [H- 
One then finds for the inverse of the thermal reaction 
rate which as we shall see equals the chemical equilibra- 
tion time of the antihyperonic particles 



(r?) 



(-1) 



1 



{{'^NY^mr+nYK^Y n)) PB 

1 - 2 fm/c , (7) 



which is indeed very small and much below the typi- 
cal fireball lifetime of 5 — 10 fm/c. Antihyperons are 
forced rather immediately to local chemical equilibrium 
together with the pions, kaons and nucleons! There is 
no need for any exotic explanation, cither hadronic or 
by coalescence out of a potential QGP, to account for 
the thermally and chemically equilibrated total particle 
number of antihyperons. 

We have to note that the consideration of the above 
reactions (pi) is not new. In fact, this has been taken into 
account already in the master equations for the strange 
hadronic particle densities developed by Koch et al [g. 
The obvious question is then why they had not obtained 
our present conclusion, but much to the contrary put 
forward the by now famous agenda for the antihyperons 
as a clear signature of a QGP! Looking at Fig. B3 in g] 
they have only considered the annihilation cross section 
CTpp— ,57r ~ 10 mb, which is a factor of 5 or so smaller 
than the total annihilation cross section app^rnr ~ 50 mb 
p2| , p^ in the relevant kinematic regime. As the obtained 
results in p] do still show a much slower equilibration 
rate, a definite conclusion cannot be given |^ . 

To present our argument more definite, let us write 
down the dominant contribution for the master equation 
of the antihyperon density in a hadronic gas following 
closely the notation in ||]: 



dt 



Py 



k^YN'^YN)} S PYPn 



(8) 



where pi is the density of species i and 



T^{n,nY){'r,PB,Ps) = 



en. en. 

Py Pn 



{p7-Y{pl-Y- 



(9) 



denotes the appropriate factor for assuring detailed bal- 
ance which depends only on the temperature and the 
chemical potentials. Here we sum over all possible final 



number n of pions. {{a 



yn''^yn)) denotes the thermally 
averaged cross section as defined in [||. As the nucle- 
ons are the most dominant baryonic particles we take 
PN ~ PB and employing (0) the master equation (g) can 
be brought in the more intuitive form 



dt 



Py = ~^yPy + Sy 



(10) 



where Fy 



0.5 — 1 c/fm. If the pions, nucleons and kaons 
stay in thermal and chemical equilibrium (assumption 
11),^ i.e. 



Pti 



pT 



eg. 

PN = Pn 



eg. 
PK = Pk 



( p!o| ) simply becomes 



-Py = -TyIpy - Py} 



(11) 



(12) 



Thus the equilibration time is given by F^ as advocated 
above. 

From (II^) , (|l2|) it follows that the multi-mcsonic back- 
reactions, leading to a production term ^y, are neces- 
sary to achieve and to further maintain chemical equi- 
librium of antihyperons with pions, kaons and nucleons. 
This multi-mesonic source of production of antihyper- 
ons is a consequence of detailed balance and, as the rate 
Fy is indeed very large, this is the by far most dom- 
inant source compared to the binary production chan- 



nels (If) and 



Note that as Qy — Fy- 



eq 

PY' 



the 



overall production rate Gy is still a very small number. 
On the other hand, these multi-particle reactions cannot 
be handled within the present transport codes and are 
thus completely neglected (- sometimes with the 'excuse' 
that Gp or Qy would be overwhelming largely suppressed 
by multi-particle phase space). From our discussion it 
is obvious that the production of antiprotons [|l9| and 
antihyperons cannot be addressed by these approaches. 
Nonetheless as we have shown there is a simple non-exotic 
explanation for the Y abundances in a purely hadronic 
scenario. 

If, as presented in some of the thermal and chemical 
models, a strangeness suppression factor 7s for each unit 
of strangeness is introduced ||7|,p|,p^ , we only have to re- 
place in (|ll|) and accordingly in ( |12D 



en. 

Pk 



PK 



eg. 



eg 

Py 



Py 



hsT-pf . (13) 






T^in,nY){T, PB, Ps)iP7rT{p 



K 



Accordingly, the antihyperon density would aquire an ad- 
ditional factor (7s )"^ compared to chemical equilibrium 



value from the stationary limit of the master equation, 
if the kaon number is not fully saturated. This is consis- 
tent with the employed phenomenological prescription in 

As a final comment we briefly consider the situation 
of antihyperon production in rclativistic nuclcus-nucleus- 
collisions at the AGS and at RHIC: According to the 
thermal models the deduced temperatures at the AGS- 
energies are lower and the obtained baryon densities are 
higher [p|JlC|]. The latter would imply that according to 
(R) the antihyperon chemical equilibration time Ty be- 
comes even smaller. As the pions and to some good 
extent also the kaons are found to be in chemical equi- 
librium P,1Q|, our argument should perfectly apply! In- 
deed, the E859 Collaboration has measured the A/p ratio 
in Si+Au at 14.6 AGeV and had reported a large value 
A/p — 2.9 ± 0.9 ± 0.5 for some central rapidity window 
pjl . This would favor a scenario of nearly chemically sat- 
urated strange and nonstrange antibaryon populations at 
particle freeze-out. More precise experimental data as 
well as a theoretical analysis along the line of thermal 
models would be most welcome. The situation is dif- 
ferent at RHIC. The typical baryon densities at midra- 
pidity should be rather small, if not negligible. Hence, 
our considered equilibration time for the antihyperons in 
a baryon dilute hadron gas should be much larger. In 
this case, if the fireball does not stay too long in the late 
stage hadronic phase, chemical equilibrium of the anti- 
hyperons cannot be reached or maintained, if there is no 
other source of their production. 
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